SUMMARY: T w o hundred and ninety-six strains of mesophilic species of the genus Bacillus were isolated from soil and examined for the characters described principally by Smith, Gordon & Clark (1fkW) as well as for some additional characters. T w o hundred and forty-six belonged clearly to named species in the classification of Smith et al., thirty-two strains were clearly intermediate between two species and eight strains remained unallocated. In addition, eleven other strains appeared to represent a previously undescribed species (Proom & Knight, 1950 The strains of B. pasteurii were the most heterogeneous in their nutritional requirements, the components ammonium ion, amino-acids, aneurin, biotin and nicotinic acid being involved. All strains required amino-acids and aneurin ; in addition, biotin or nicotinic acid and sometimes ammonium ion were required, depending on the particular strain.
biotin as well, and all of the strains of B. sphuericus var. fiwiformis required aminoacids + aneurin + biotin.
The strains of B. pasteurii were the most heterogeneous in their nutritional requirements, the components ammonium ion, amino-acids, aneurin, biotin and nicotinic acid being involved. All strains required amino-acids and aneurin ; in addition, biotin or nicotinic acid and sometimes ammonium ion were required, depending on the particular strain.
There are few records of wide comparative surveys of bacterial genera which have made use not only of the classical bacteriological distinguishing tests and methods, but which have also included determinations of exact nutritional requirements, and of metabolic and serological-characters. Intensive studies of particular species from these aspects have been somewhat more common; but even here comparative studies of numerous strains or clones of a species, when made, have only seldom included all the features noted above, so that well-rounded pictures of their biological properties are infrequent. The Culture Collection at these Laboratories, with the staff and services necessary for its maintenance and development, offered an opportunity to make comparative Nutritional survey of genus Bacillus 509 surveys of large groups of organisms and to examine many aspects of their physiology.
It was hoped that such comparative surveys might yield information which would help to improve the diagnosis, differentiation and classification of bacteria as they came to hand. It was further hoped that from this material might come indications of natural relationship, thus helping to make classifications somewhat less arbitrary than they tend to be at present. A long-term objective is to accumulate information which might contribute to the study of taxonomic and evolutionary problems.
A more immediate objective has been to see to what extent nutritional requirements are characteristic of species as already differentiated by the classical bacteriological tests, many of which are empirical and obviously have different weights as definitive of species characters. This is not the place to discuss the problem of species differentiation; some pertinent examples will appear in the sequel. Indeed it might be well at this point to state our standpoint in this respect. We believe that the question of species definition and differentiation among bacteria is best not argued as a metaphysical question, apriori as it were, but that the question of classification will be better worth discussion only when much more pertinent material is available. It is part of the purpose of the present work to supply some of this material. It is, of course, true that for practical purposes distinguishing characters, however empirically determined, are invaluable and that a t least empirical classifications do have to be made for current use. But this does not preclude a desire to achieve better classifications, which will presumably be the better the more closely they reflect natural relationships.
In the present work two sources of organisms were used: (a) named cultures from collections and other laboratory strains; (b) strains freshly isolated from naturd sources. In this way it was possible to see whether long-continued laboratory culture had modified any characters and to assess the homogeneity of p u p s of freshly isolated strains, which presumably represented the organisms occurring in nature.
The genus Bu&Zlus, excluding thermophilic organisms, was chosen for our first survey €or a number of reasons. It includes one organism frankly pathogenic to man and some animals, namely B. anthrach, one which is pathogenic for bees, B. larvae, a number of species of interest as producers of antibiotics (e.g. B. 8212ztilk, B. brmis, B. polymyxa, B. lichenifomis, B. cirdam), and is a relatively well-defined genus, The investigations of Gibson (1934 a, b; 1935 a, b; 1944) and of Smith d al. (1946) provided a firm basis from which to start. The classification introduced by Smith et al. (1946) and used in Bergey's Man& of Determinative Bacteriology (6th edition, 1948) divides the genus into three groups on the basis of the morphology of the spores and sporangia, and into fifteen species and seven varieties on physiological grounds. This contrasts with the 157 differently named 'species ' which were examined by Smith et al. and with the 26 pages of names and references of unallocated and insufficiently described strains which are recorded in the appendix to the genus in Bergey's Man&. We have found the Smith et al. (1946) classification workable and 510 B. C. J . G. Knight and H . P r o m useful, and have used it in identifying our newly isolated strains. These strains were then examined by tests not used by these workers, and in many cases the nutritional requirements of both laboratory and newly isolated strains were examined. On the basis of the results, the classification of the genus as it stands a t present was then examined.
The exact nutrition of species of the genus Bacillus has, with few exceptions, been little studied; and no extensive comparative examination has been made. There are references in the earlier literature to the cultivation of one or a few strains of certain organisms, e.g. B. Subtib, on very simple media (e.g. ammonia or asparaghe, glucose and salts), but when much of this work was done the role of very low concentrations of certain substances (essential metabolites) in promoting growth was not adequately recognized. It is not therefore always certain that the simple 'defined' media used were, in fact, free from organic growth factors, such as biotin, especially when the ' defined ' media, contained a natural product like asparagine, sucrose or glucose. More recently, since the recognition of the role in nutrition of various essential metabolites of the vitamin B group, this point has usually been recognized and adequately controlled in nutritional studies.
The nutrient requirements of certain strains of B. anthracis were studied by Gladstone (1989) and by Brewer, McCullough, Mills, Roessler, Herbst & Howe (1946) . Since we have not studied this organism their observations may be summarized here. Gladstone used eight strains of B. anthrwis obtained from the National Collection of Type Cultures; six grew well on a medium containing an array of amino-acids, salts and glucose; but no growth factors of the vitamin B group appeared to be needed. Gladstone (private communication, 1949) on repeating his earlier work with some six strains (including one or two of the earlier collection) found a requirement for aneurin and adenosine+adenylic acid. The adenosine and adenylic acid were important in initiating growth. Brewer d al. (1946) found that the strain 'Vollur?fl, M-36' required aneurin in addition to a collection of amino-acids, salts, etc.; aneurin was the only growth factor required. Thus B. anthracis appears to require a collection of amino-acids and that a t least some strains require aneurin, with adenosine and/or adenylic acid, the latter possibly as growth initiators or stimulators.
Other organisms of the genus Bacillzls which have been examined for nutritional requirements and in which collections of strains were used include B. dvei and B. para-dvei (Katznelson & Lochhead, 1947) , B. meram and 'B. acetoaeth@cw' (Katznelson, 1944) . Eight strains of B. larvae were examined by Lochhead (1942) and found to require aneurin and peptone; the peptone may have been a source of other nutrients besides amino-acids. The study of B. Zurvae was extended by Katmelson & Lochhead (1948) , who found that the intact aneurin molecule was required by most strains, which also required various purines and pyrimidines; and some strains required strepogenin. We have not examined strains of B. larvae in the present work. Recently Cleverdon, Pelczar & Doetsch (1949b) 
EXPERDlENTAL
The isolation of straim of Bacillus from soil IsoZations from soil sampks. Some hundred samples of soil from widely separated localities in the British Isles, and a few specimens from Europe, were examined. In order to make the study as representative as possible we isolated only one culture of any particular species from any one sample of soil; 296 strains were thus isolated. The pre-treatment of the soil and the use of differential media had a marked effect on the kinds of species which were isolated. The numbers and variety of species varied with the soil samples, but not as much as was expected.
To 10 ml. of medium contained in a 6 x Q in. test-tube sufficient soil was added to give a total volume of c. 15 ml. The tube was well shaken, and a loopfui of suspension plated by streaking on an appropriate agar medium. When a tube of soil suspension was to be heated a thermometer was placed in the tube, or in a control tube containing the same volume of tap water, to ensure that the sample reached, and was kept at, the desired temperature for the appropriate time. Temperatures were controlled to f 1'.
After incubation of the inoculated plates single colonies were transferred to nutrient agar slopes; at the same time Gram-stained preparations were examined. After 2 days' incubation at 28 or 87' sporulating cultures were purified by plating. When a culture morphologically resembled the vegetative form of members of the genus it was left at room temperature, was examined at intervals for sporulation and discarded if this did not occur within 2 weeks.
Of the new isolates obtained as described 10-20 % were asporogenous and were discarded. Special media alleged to induce sporulation made little difference to the number of asporogenous forms encountered and were not used routinely.'
The species obtained by the diffwentid isolation techniques
The results obtained by different methods of treating soil suspensions and plates may be summarized as follows:
(a) Direct plating of soil suspension in broth on nutrient agar followed by incubation at 87O for 2 days gave predominantly B. JrzlbtiliS to the exclusion of other organisms. An occasional colony of B. circulans, B. megatbriam or B. term was obtained.
(6) Soil suspension in broth plated on nutrient agar and incubated at 28' instead of 3 7 ' yielded B. cereus var. mycoides and B. subtilk as predominant organisms.
(c) Soil suspension in broth heated at 7 0 ' for 10min. followed by plating on nutrient agar and incubation at 57' gave a mixture of B. subtilis and 512 B. C. J . G. (e) Soil suspension in distilled water incubated a t 3 7 ' for 3 days, followed by plating on nutrient agar and incubation a t 8 7 ' produced a very mixed collection of colonies. B. d t i l i s , B, cereus and B. mgatherium, although present, were fewer in number. B. pumilus and B. circulans, with occasional colonies of B. brevis, B. m e r a m , B. alvei (once) and B. sphuerim, were observed.
(f) Soil suspension in milk incubated for 8 days a t 50' and plated on nutrient agar at 4 5 ' also gave a varied collection of organisms from which B. coagduns could be readily isolated.
(g) Soil suspension in 8.0 yo glucose broth was heated a t 65' for 10 min., incubated a t 28' for 3 days, plated on nutrient agar and incubated a t 2 8 ' .
Selected colonies were grown in glucose broth and those cultures which produced acid and gas were plated on nutrient agar. This gave strains of B. polymyxa.
(h) Soil suspension in urea (10 or 2.0 %) broth was incubated for 2 days a t 28' and plated on nutrient agar containing either 10 or 2-0 Yo urea. This treatment suppressed all organisms other than those of morphological group 3, and strains of €3. . s p h i w together with its varieties, B. pasteurii and occasional strains of B. kntus, were isolated.
After identification the new isolates were stored as freeze-dried desiccates.
Bacteriological methods used in examining the cultures In order to compare our results with those of Smith et al. (1946) we used bacteriological media that resembled theirs as closely as practicable. Our nutrient broth containing c. 3 g. N/1. was prepared by the addition of papain digest of horse muscle containing c. 1.5 g. N/1. to a water extract of fresh horse muscle. Nutrient agar was prepared by adding 1.2 % agar (Davies Gelatin (N.Z.) Ltd.) to this nutrient broth.
Microscopical ezaminution. Organisms grown on nutrient agar were Gramstained and examined microscopically. The size of vegetative rods and of spores was not usually measured. Although typically large-and small-cell species exist it was observed that the effect of different media and strain variations made such measurements of little value in identification. There was, however, one notable exception. Smith et al. (1946) observed that B. megatherium and B. cereus could be distinguished from other members of morphological group 1 (see below) by the fact that the width in stained preparations of the vegetative rods of these two organisms was 0.9~. or greater; this we amply confirmed. The position and shape of the spore, the thickness of the spore-wall and the shape of the sporangium were found by Smith et al. to The colonial appearance on nutrient agar and the nature of the growth on nutrient agar, glucose nitrate agar, glucose nutrient agar and potato, and in nutrient broth, were observed. The appearance of the growth and the colonial form were too variable to be of much use in the identification of species. The rapidity of dissociation on artificial media and the occurrence of numerous varieties, e.g. rough, smooth, mucoid, sporogenous, asporogenous, each with a distinct colonial appearance, is well known. It is illustrated by recent publications by Ledingham, Adams & Stanier (1945) and by Francis & Rippon (1949) , who described such variants in B, polymyxa. It is, however, our impression that on first isolation from the soil each species has 8 predominant colonial form, suggesting that in the soil one variant is predominant. We were unable to confirm the observation of Smith et al. that the nature of the growth on glucose nitrate agar was of value in identification.
Phy8iological reactions. Strains were examined for the production of acid and gas from glucose, arabinose and xylose. In view of the observations of Smith et al. (1946) these sugars were, with a few exceptions, the only ones used in routine examination. Three types of sugar media were tried: medium a, peptone water; medium b, a liquid medium in which the sole source of nitrogen was ammonia; medium c, 1-2 yo agar slopes made with medium b. These media were inoculated with a loopful of nutrient agar culture. The results obtained with medium a were irregular because of the ammonia produced from the peptone by many of the species. Medium b was inferior to c and often failed to support adequate growth. Medium c gave the most reproducible results. Many of the species tested required preformed amino-acids and specific growth factors as nutrients, and these substances were no doubt supplied by carry-over in the inoculum and as impurities in the agar.
Hydrolysis Nutritional requirements General. The organisms were cultivated in c. 5 ml. lots of medium in 6 x 1 in. rimless boiling-tubes closed by loosely fitting aluminium caps. These tubes were incubated in a sloped position a t about 1 0 ' from the horizontal, thus permitting relatively good aeration for these static cultures; the liquid medium was about 12 mm. thick a t the deepest part and became progressively shallower towards the mouth of the tube.
The usual precautions to avoid contamination by traces of unwanted nutrients were adopted. All glassware was cleaned with chromic-sulphuric acid mixture, thoroughly washed with running tap water and finally with running distilled water. All chemicals were of highest commercial grade and further purified if necessary. Inoculation and serial subcultivation. The starting-point for cultivation was a tube of freeze-dried cultures from the Collection. The culture was seeded into nutrient broth and from that to agar slopes. Since ten to twenty tubes of any given culture were freeze-dried a t any one time, replicate tubes were always available for reference. The initial inoculum into a defined medium was taken from an agar slope by a small loop. Subsequent inoculations into chemically defined media were made either with the small loop or by a drop (0.05 ml.) of a diluted cell suspension of just visible turbidity. The objective in serial subcultivation in chemically defined media was, of course, to eliminate positive growth due to a carry-over of nutrient from the previous tube. With highly potent compounds such as biotin several subcultures were sometimes needed before no growth occurred in a biotin-deficient medium with an organism which proved later to be unable to synthesize biotin. During serial Nutritional survey of genus Bacillus 515 subcultivation in minimal or nearly minimal media the possibility of selecting organisms which were better synthesizers of essential metabolites not present as nutrients was always borne in mind. A simplified medium arrived at by serial subcultivation in progressively simpler media was always tested for ability to support the growth of the original strain by going back to inocula from an agar slope which itself had been inoculated with a freshly revived desiccate. The latter procedure also acted as a check on the possibility that a contaminated culture had been carried forward. The usual signs of contamination (change in macroscopic and microscopic appearance of the culture, sudden ability to grow in a deficient medium, etc.) were carefully watched for, but with these closely related species could not be relied upon to exclude contamination. In critical cases the organisms obtained growing on a simplified defined medium after serial subculture were re-identified, as a further check.
Ddgmzirtation of nutritional e m m y of dejined media The efficacy of dehed media in supporting growth was determined by visual observation of the sets of tubes, with readings at 24 hr. intervals for periods usually up to 8-4 days. The method of study usually took the form of a set of tubes of defined media, which differed from one another by the presence of one or more growth factors or of different N sources, the whole set being inoculated at the same time ~t h the same inoculum. Subsequent visual inspection then showed the relative amounts of growth which occurred in the different tubes of a set of media of different compositions. The relative amounts of growth were scored in such measures as tr. (trace), sl. (slight), f , +, + +, + + +. This way of observing relative amounts of growth was adequate for determining response to various components of the media, since it was being used, in effect, as a qualitative determination of the ability of given substances to satisfy nutrient requirements. No attempt was made to determine optimal, but only minimal or near minimal nutrient requirements. In the present work, too, we were content to find that aneurin, for example, was an adequate nutrient, without ping on to find whether the intact molecule of aneurin was essential or whether the vitamin thiazole+pyrimidine, or one of these components, was adequate. That is, in general we have not determined degrees of biosynthetic ability, but have sought to define nutritional requirements in terms of nutritionally adequate known compounds and not necessarily in terms of minimal requirements.
The nutrients examined
The nutritional requirements chiefly examined were : (a) Sources of nitrogen. Ammonium ion, certain mixtures of amino-acids, and acid-hydrolysed casein were used. The chief requirements examined were ability to use ammonium ion and if not, ability to use acid-hydrolysed casein, i.e. a collection of most of the naturally occurring amino-acids of protein. The latter was sometimes fortified by addition of tryptophan, cystine (or cysteine) and threonine. Only in a few cases was the casein-hydrolysate replaced by mirttureS of known amino-acids; in general we did not study exact amino-acid requirements.
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( b ) Essential metabolites, mainly of the vitumin B group. Nutrient requirements satisfied by aneurin, biotin, nicotinic acid, pantothenic acid, pyridoxin, folic acid or riboflavin were examined as a routine. From among these components adequate nutrients were, with few exceptions, found for our strains.
( c ) Gleccase (8 yo, w/v) was added to all media, unless otherwise mentioned.
Other utilizable carbon source&, other than amino-acid mixtures, were not used.
(d) Salt composition and trace elements. This category of nutrient requirements was not analysed. The usual salts and known traces of various elements were present in the media used and kept relatively constant. The criterion was that growth occurred, although of course not necessarily optimal growth, but enough to make clear the effect of omitting any component from a given medium.
For certain species a special addition of NaCl was required (see below). In many batches of acid-hydrolysed casein medium less complex salt mixtures were added than when using the ammonia basal medium. The acid-hydrolysed caseins were commercial products and were by no means salt-free. Thus, though they added unknown elements to the media, they were adequate for the purposes for which they were intended, namely, as a source of a collection of L-amino-acids in the proportions as in a natural protein, and free at least from growth factors of the vitamin B group. In critical cases special microbiological tests for absence of specific essential metabolites were made; and the casein hydrolysate was replaced in some cases by an amino-acid mixture of known composition.
Composition of media We used two basal media: (a) ammonia basal medium, (b) acid-hydrolysed casein basal medium, to which were added sterile solutions of glucose (to final concentration 8 yo) and growth factors as required. In some cases mixtures of amino-acids were used instead of ammonia or hydrolysed casein.
Ammonia basat medium. This consisted of: KH2P0,, 1.5 g.; (NH4),HP04, 7-0 g.; MgSO,. 7H20, 0.5 g.; CaCl,. 2H,O, 0-8 g.; MnSO,. 4H20, 40 mg.; FeSO,. 7H20, 2-5 mg. ; ammonium molybdate, 2-0 mg. These salts were dissolved together in distilled water (1 1.) and the pH adjusted to pH 7.0. The solution was boiled, filtered and tubed in 5 ml. lots and sterilized by autoclavhg for 20 min. a t 115'.
The casein basal medium was made from acid-hydrolysed casein vitamin-free (Ashe Laboratories Ltd., Victoria Street, London, S.W. 1, and Allen and Hanbury's Ltd., London, E. 2). Samples were analysed on receipt for moisture, total ash, total nitrogen, Cu and Fe, and used so as to give a total nitrogen content of O*1Y0 in the finished medium, which had the following composition : sufficient acid-hydrolysed casein powder ; tryptophan, 0.1 g. ; cystine, 0.01 g.; KHPO,, 5.0 g.; NaCl, 1.0 g. These components were dissolved in 1 1. distilled water, the pH adjusted to pH 7, boiled, filtered, tubed in 5 ml. lots and sterilized by autoclaving 10 min. at 1 1 0 ' . Medium 7AA. Ammonia basal medium was supplemented with the following seven amino-acids in the concentrations shown (in mg./ml.) : L-asparagine, Glucose. A 50 yo (w/v) solution was sterilized by steaming (100') for 30 min. on 2 successive days. A volume of 0-3 ml. of this solution was added per 5 ml. basal medium.
Nutritional survey of genus
&&h factors. Stock solutions were made up and sterilized by autoclaving (20min. at 115') except in the case of thermolabile compounds which were sterilized by filtration through Ford S.B. Sterimats, using Pyrex glass filterholders (Knight & Fildes, 1936) . The following final concentrations in media were used: biotin, 1 mpg./ml.; folic acid, 2 mpg./ml.; riboflavin, 0.1 pg./ml.; aneurin, nicotinic acid, pyrodoxin HC1 and Ca pantothenate all at 0-5 pg./ml.
Stock solutions of fifty times these concentrations were made up and 0.1 ml.
added per 5 ml. of basal medium as required.
RESULTS
In reporting our results here 'new isolate ' means 'newly isolated strain ' ; it is part of our object to compare as many properties as possible of such newly isolated strains with those of laboratory strains. The results are recorded species by species, in the order adopted in Bergey's Manual, 6th ed. (1948). The whole survey is summarized in Tables 6 and 7. Strain numbers preceded by CN refer to the catalogue number in the Culture Collection at these laboratories; numbers preceded by ATCC are the American T B e Culture Collection numbers and those prefaced by NCTC are from the National Collection of Type Q&ures (Colindale).
Bacillus subtilis
Fifteen new isolates were studied in detail. Smith et al. (1946) considered the following characters as the more important in identifying this species: the morphology, in particular a width of vegetative rod of < 0-9p. ; the growth on glucose agar, glucose nitrate agar, tyrosine agar and potato; positive VP reaction; acid without gas from glucose, arabinose and xylose; hydrolysis of starch, gelatin and casein; the reduction of nitrate to nitrite. They separated this species from B. pumilus because B. pumilus did not hydrolyse starch or reduce nitrate to nitrite.
Apart from finding that growth on glucose nitrate agar and glucose nutrient agar was of little value in identification, the observations of Smith et al. were confirmed. In addition, all these strains were strictly aerobic and did not give a positive Gibson & Abdel-Malek (1945) The one exceptional strain (CN 2745) failed to grow with ammonia but grew when given proline, leucine, alanine, serine and asparagine. This amino-acid mixture was not minimal however; omission of asparagine delayed growth for 24 hr. and omission of alanine in presence of asparagine prevented growth, at least up to 96 hr. Serine appeared to be an absolute requirement in the above mixture.
Bacillus subtilis vur. aterrimus and Bacillus subtilis var. niger
The characters used to differentiate these two varieties are described in Blackwood et al. (1947) appeared after the relevant portion of Bergey's Manual had been prepared.
We studied twelve strains of B. lichenifimnis having the characters described by Gibson (1944); four of these strains were newly isolated and eight were from the Microbiological Research Department (Ministry of Supply), Porton. In view of the difl'erential importance of the ability to grow strictly anaerobically, which these twelve strains possessed, and because of the unusual anaerobic dissimilation of glucose, we support the assignment of this organism to specific rank. Nutrition. All twelve strains grew with ammonia as sole source of nitrogen and required no growth factors. Thus nutritionally these strains were indistinguishable from typical strains of B. szlbtilis so far as nitrogen source and non-requirement of growth factors was concerned. Since, however, Zichenifmis strains grow anaerobically in ordinary media ( d t i l i s strains cannot) and have a characteristic anaerobic glucose dissimilation, nutritional differences in utilizable carbon and energy sources could undoubtedly be shown.
Bacillus pumilus
Twelve new isolates were studied in detail. Smith et al. (1946) considered the following characters to be important in identifying this species: the morphology, including a width of vegetative rod of <0*9,u.; positive VP reaction; production of acid from glucose, arabinose and xylose; failure to hydrolyse starch; failure to reduce nitrate. These properties were observed with all our new isolates except that a few failed to ferment arabinose or xylose. All these strains grew only aerobically, did not produce urease and grew in 4.0 % NaCl broth and on nutrient agar at pH 6.0. All strains produced a 'restricted' egg-yolk reaction, in contradistinction to B. eubtilis, which was consistently negative.
Nutrition. Twenty-one strains were examined (eleven new isolates and ten laboratory strains which included ATCC no. 7061 = N. R. Smith no. 272 = CN 2200). With two exceptions these strains grew on ammonia basal medium + DLbiotin. The exceptions were CN 807, which would not grow with ammonia+ biotin but did so with glutamic acid+biotin, and CN 2746, which similarly would not grow with ammonia but did so when given asparagine+leucine+ biotin. These two strains were thus like the other nineteen in having a nutrient requirement satisfied by biotin; but their ability in amino-acid synthesis was more restricted, since they could not use only ammonia for that purpose ( Thus nutritionally these ' intermediates ' corresponded with the typical nutrition of one or other of the two relevant species (see Table 1 ).
Bacillus coagulans
Fifteen new isolates were studied in detail. Smith et al. (1946) considered the following characters to be the more important in identifying this species: better growth a t 45' than a t 57' or 28'; positive VP reaction; starch hydrolysed; no hydrolysis of gelatin; weak hydrolysis of casein; heavy growth on glucose broth with a resultant pH of about 4-0 after 7 days and with the rapid evolution of gas with metallic iron. These characters were found in all fifteen new isolates, although the better growth observed at 4 5 ' might be a reflexion of our method of isolating the organisms from the soil. Smith et al. state that this organism usually produces acid from arabinose but not from xylose. With Nutritional survey of genus Bacillus 521 our new isolates this property was very variable; ten produced acid from both arabinose and xylose and one did not produce acid from either sugar. All the strains grew anaerobically, did not produce urease, and did not produce either type of egg-yolk reaction.
Nutrition. Sixteen strains were examined; one was a laboratory strain (ATCC no. 7050 = N. R. Smith no. 609 = CN 2202), the remainder being newly isolated. A temperature of 45' was found preferable for these organisms. All strains grew well in the casein basal medium supplemented with aneurin and biotin; the ammonia basal medium could not replace the casein medium. Thus all strains could not use ammonia as sole source of nitrogen and required amino-acids. There was some evidence that not a11 strains required both aneurin and biotin, but that a few synthesized one or other of these compounds, or variants with these abilities were rather easily selected during subcultivation.
There was no evidence for any growth factor requirements other than aneurin and biotin. This point was examined in some detail, since Cleverdon
reported a strain of B. coaguluns (N. R. Smith, no. 27) which grew when aneurin, biotin and nicotinic acid were added to a basal caseinhydrolysate medium, but not in the absence of any one of these three essential metabolites. Our casein basal medium was tested for nicotinic acid (or equivalent material) by attempting to grow a strain of Proteus vulgur& in it. This organism did not grow until the medium was supplemented by nicotinic acid. The medium therefore was effectively free from nicotinic acid. Bythe criterion of ability to grow on this casein medium supplemented by aneurin and biotin but without nicotinic acid, it can therefore be said that none of the fifieen newly isolated strains of B. coaguZuns examined, nor ATCC no. 7150, required nicotinic acid as a nutrient.
Bacillus firmus Only three new isolates were obtained from soil. These were studied in detail, together with two strains from collections. Smith et al. (1946) considered the more important differential characters to be: morphology; no growth at pH 6.0; character of the growth on nutrient agar and glucose nutrient agar; f d u r e to utilize inorganic nitrogen; hydrolysis of starch, gelatin and casein; failure to produce urease.
Our five strains had these characters. Of eleven new isolates which were clearly in the B. Jirnaus-B. lentzls group, five conformed to the type description of one or other species (see above), but six could not be classified. They differed from either of the two species in more than one character such as hydrolysis of starch, casein or gelatin and reduction of nitrate. This represents a high proportion of isolates which could not be classified and is different from our experience with other species.
Bacillus megatherium
Twelve new isolates were examined in detail. Smith et al. (1946) considered the following characters as the more important in identifying this species : the well-known morphological appearance of Gram-stained preparations, in particular a width of vegetative rod greater than 0 . 9~~; negative V P reaction; production of acid without gas from glucose, arabinose and usually xylose; hydrolysis of starch; heavy growth on glucose nitrate agar.
In our experience growth on glucose nitrate agar was of little diagnostic value, strain variation being as great as species variation. Four of our twelve new isolates failed to grow on glucose nitrate agar, and two strains failed to hydrolyse starch; otherwise they agreed with the above characters.
Two additional tests were of great value in differentiating B. megatherium from B. cereus. B. megatherium was unable to grow anaerobically and did not produce any egg-yolk reaction, whereas B. cereus gives positive reactions in these tests ( Table 2) .
Nutrition. All eleven strains examined (eight new isolates and three laboratory strains including ATCC no. 8245 = N. R. Smith no. 284 = CN 2193) grew on the ammonia basal medium alone; no growth factors were needed ( grew on a mixture containing fourteen amino-acids (medium leu), namely, m-alanine, DL-~SPEN-~~C acid, L-arginine, L-glutamic acid, glycine, L-histidine, L-leucine, DL-methionhe, DL-phenylalanine, DL-serine, DL-tryptophan, L-Wsine, L-cysteine and DL-valine. The requirements for specific amino-acids in these mixtures were not further analysed. Ability to grow on these mixtures, however, substantiates the conclusion that none of the strains examined required any of the vitamin B group of essential metabolites.
Among the laboratory strains one (now CN 2810), originally labelled B. subtiltk, proved unable to grow on ammonia medium and required amino-acids, which made it unlike characteristic subtilis strains. Other diagnostic tests then proved it to be B. c m w , producing, for example, a positive typical egg-yolk reaction. Here again apparently anomalous nutritional requirements led to a correct identification. The results with all strains are summarized in Table 2. .
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Bacillus cereus var. mycoides Twelve new isolates were examined in detail. They differed from B. cereus only in the rhizoid nature of the colony on nutrient agar. With our strains €3. cereus showed a slight preference for growth a t 3 7 ' as against 28", whereas the B. cereus var. mycoides strains showed a marked preference for 28' and grew poorly or not a t all at 8 7 ' .
B. cereus var. mycoides when incubated at room temperature in nutrient broth and then plated on nutrient agar produced a number of colonies indistinguishable from B. cereus. One strain was examined in more detail. The original culture of B. ceretu var. mycoides gave typical colonies, grew well a t 28' and did not grow a t 3 7 ' , whereas the cereus-like variant obtained from it grew slightly better at 3 7 ' than at 2 8 ' . On subcultivation in casein basal medium or a 14-amino-acid mixture (medium 14AA) the typical growth of var. mycoides, as a submerged pellicle which remained intact on agitating the culture tubes, changed with some strains to a diffuse growth like that of typical strains of B. cereus under the same conditions. The change from the mycoides to the cereus characters was not further studied. Nutritionally (see below) and in all other respects except the typical colonial growth on plates and in liquid media, these mycoides strains were identical with the cereus strains. The opinion of Smith et al. (1946) that 'B. mycoidres' is a rhizoid variant of B. cereus is supported by our observations. Nutrition. All ten strains examined (including ATCC no. 6463 =N. R. Smith no. 306=CN 2195 and nine new isolates) did not grow on the ammonia basal medium but grew in the casein basal medium without added growth factors. Some strains were grown on the 14-amino-acid mixture (medium 14AA) but the amino-acid requirements were not further analysed. Thus the nutrient requirements were satisfied by the media suitable for B. cereus (see Table 2 ).
Bacillus megatherium/cereus interrnediates
A number of new isolates were classified as B. megat?mium/cereus intermediates since they were aberrant either in the V P reaction or in the fermentation of arabinose and xylose. These intermediates fell into two groups: those which did not grow anaerobically and did not produce any egg-yolk reaction (i.e. were like megadherium) and those which grew anaerobically and produced a typical cereus-like egg-yolk reaction. It seemed rational therefore to classify these intermediates as B. megatherium or B. cerew respectively. We did not find a strain which grew anaerobically and failed to produce the typical cereuslike egg-yolk reaction, or one which did not grow anaerobically but did produce a cereus-like egg-yolk reaction. The specific nutritional requirements supported this separation (see Table 2 ).
Nutrition. Six strains (five new isolates) which were classified as megatherizlm/cerew intermediates had the nutritional characters summarized in Table 2 , two being like B. megatkium in using ammonia, and the other four requiring amino-acids like B. cereus.
Nutrdional survey of genus Bacillus
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Bacillus polymyxa Twelve new isolates from soil were studied in detail. Smith et al. (1946) considered the following characters as the more important in identifying this species : the morphology; positive V P reaction; fermentation of glucose, arabinose and xylose, with the production of gas; hydrolysis of starch. These characters were found with our new isolates. Additional characteristics of the organism were an ability to grow anaerobically and to give a positive Gibson & Abdel-Malek test. N u t d o n . Katznelson & Lochhead (1944) examined the nutrient requirements of eighty-two strains of B. polymyxu and found that all grew on an ammonia basal medium plus biotin. The thirteen newly isolated strains we examined showed these same nutrient requirements. Since we were mainly concerned with minimal requirements we did not examine the adjuvant effect of other nitrogen sources and growth factors as did Katmelson & Lochhead. We did not find an authentic B. polymyxu, i.e. as characterized according to Smith d d. (1946) , which grew in ammonia basal medium without biotin, nor one which did not grow on the ammonia medium when it was supplemented with biotin. We have not yet examined the replacement of biotin by possible precursors in-its biosynthesis, nor the effect of oleic acid, etc. Ability to use ammonia+biotin appears to be a typical character of B. polymyxu.
The Bacillus macerans-circulans-alvei group
The organisms classified under these names in the work of Smith et al. (1946) are less clearly differentiated, or are differentiated by less striking characters, than are many other species in the genus. We encountered many strains with characters intermediate between pairs of species, as defined. This holds for the nutritional patterns as well as 'for the other characters. But often the nutritional patterns within groups of intermediates did not correspond with a subdivision based on some other character, unlike the subtiZis/pumiZus and megutherium/cerm intermediates, where the respective nutritional patterns were regularly associated with other species characters. For this reason, therefore, the general bacteriological findings and the nutritional findings with the aberrant and intermediate strains are reported separately in Tables 3 and 4 . It remains to be seen whether this non-correspondence of physiological and nutritional characters in the intermediate strains and the greater heterogeneity of nutritional requirements of typical strains within a given species, is really the reflexion of imperfect differentiation or is to be considered as a natural feature characterizing the group as a whole.
In the following sections the strains are described as much as possible under species groupings, all strains under a given species name agreeing with the species description. The exceptional strains are described with the nearest species or as frank intermediates. (1946) was confirmed with these five strains. We also noted the ability of, these strains to grow anaerobically and to give a weak positive Gibson & Abdel-Malek test. We also observed, with our technique, considerable irregularity in the production of gas from sugars. Only one of our five strains was newly isolated, and one (CN 2614) was a smooth variant derived from CNlOl4 (NCTC4743) which showed some difference from the parent organism as regarded sugar fermentations. The four laboratory strains and the new isolate all grew on ammonia + biotin + aneurin but not on the ammonia medium with aneurin or biotin alone. This is in agreement with Katznelson (1944) . These five strains were quite distinct nutritionally from all other strains in this group of species in being able to utilize the ammonia basal medium and in not requiring any amino-acids.
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Bacillus circulans
Fifteen new isolates were studied in detail. The chief diagnostic characters of B. circulans are: negative VP reaction; fermentation of glucose and usually arabinose and xylose; hydrolysis of starch and gelatin but not casein. These characters, described by Smith et ul. (1946) , were possessed by all our strains. In addition they were able to grow anaerobically, did not give a positive circulans were difficult to grow, and we are not satisfied that we have yet found the best basal medium for revealing the nutritional requirements. Nevertheless, the positive responses to certain essential metabolites may be considered valid.
Eighteen strains classified as B. cirmluns according to Smith et al. (1946) were examined; these included two laboratory strains (one being ATCC no. 7049 =N. R. Smith no. 858 = CN 2201), the remaining sixteen being newly
isolated.
The nutritional requirements of twelve of these strains were satisfied by casein basal medium+biotin+aneurin; but the growth of six strains was irregular on this medium, nor was it improved by the addition of riboflavin, pyridoxin, folic acid, pantothenic acid, or nicotinic acid, either singly or in combination. Whether the bad and irregular growth of these strains was due to their requiring some biosynthetically 'higher' derivative of one of these substances (e.g. coenzyme I instead of nicotinic acid, pyridoxamine or pyridoxal instead of pyridoxin), or for other specific nutrients, or whether some were made to grow with ammonia instead of the casein hydrolysate, but these ammonia-utilizing cultures had probably been selected during subcultivation ; the parent cultures required amino-acids. Table 4 summarizes the results with B. cirmlans.
Bacillus alvei
Only a few strains of B. alvei were studied, namely one laboratory strain, two strains from honeycombs infected with European foul-brood (received from Dr E. Schreiner), and one isolated by us from soil. As described by Smith et al. (1946) this species is distinguished from B. cirmlans by: positive VP reaction; failure to ferment arabinose or xylose; ability to hydrolyse casein. The four strains we examined produced a restricted type of egg-yolk reaction and grew anaerobically.
Nutrition. Katznelson & Lochhead (1947) found that ten strains of €3. alvei required aneurin when grown in a hydrolysed casein medium or in a mixture of amino-acids. B. para-alvei, isolated from bee larvae affected with 'parafoulbrood ' disease (Burnside, 1932 (1947) found that B. para-alvei grew abundantly in mixtures of fifteen to eighteen amino-acids with aneurin and moderately in the same aminoacid mixtures without aneurin. Certain omissions from the amino-acid mixtures greatly affected growth in the absence of aneurin; omission of phenylalanine, valine and isoleucine much decreased the growth and omission of cystine stopped it completely. The cystine could be replaced by certain sulphurcontaining substances, e.g. glutathione, homocystine and homocysteine, thiolacetate or thiosulphate, but not by methionine, thiourea, thiouracil or sulphite.
It was suggested that perhaps the active sulphur-containing compounds were utilized as precursors in the biosynthesis of aneurin.
We examined only five strains of B. alvei (ATCC no. 6344=N. R. Smith no. 662=CN 2198), three new isolates, and one other new isolate (CN 2482) which was aberrant (see Table 3 ). These strains, with the exception of CN 2482 and 2773, grew on the casein medium when aneurin was added but not without it. Ammonia could not be substituted for the hydrolysed casein but growth was obtained on certain mixtures of amino-acids, again only in the presence of aneurin, biotin not being required as a nutrient. The aberrant strain CN 2482 required both biotin and aneurin as supplements to the casein basal medium. In this respect, therefore, this organism resembled some circulans strains from which, however, it was distinct on other grounds. The remaining strain, CN 2773, appeared to have more complex requirements than the other alvei strains and was not grown satisfactorily.
Nutritional survey of genus Bacillus
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Our results (see Table 4 ), therefore, as far as they go, agree fairly well with those of Katznelson & Lochhead; we have not yet investigated the specificity of the aneurin requirements.
Thus the well-defined B. alvei strains differed from B. circulam in that the former did not require biotin as a nutrient, whereas the majority of the B. circzclans strains required a t least aneurin and biotin, and some strains had even more complex requirements.
Bacillus macerans-circulans-alvei group ; aberrant and intermediate strains B. mzcerum is distinguished from B. circulam by its ability to produce acid and gas from sugars, whereas B. circztlam only produces acid ( Table 3) . We examined three strains of B. maceram from culture collections, i.e. CN 1013, 1014 and 2204 ( =ATCC no. 7068). Peptone water was the basal medium used. Strain CN 1018 produced acid and gas from glucose, lactose, sucrose, mannitol, arabinose, xylose, rhamnose, raffinose, salicin, dextrin, fructose and galactose, but acid only from maltose. Strain CNlOl4 differed from CNlOl3 in producing acid and gas from maltose but acid only from arabinose. Strain CN2204 differed from CN1018 in producing acid and gas from sucrose, mannitol and raffinose but acid only from the other sugars. From strain CN 1014, which was mainly rough, a smooth variant (CN 2614) was selected which differed from the parent strain in producing acid only from glucose, lactose, sucrose, raffiose, salicin and dextrin; acid and gas were produced from the remaining sugars. A strain newly isolated from soil (CN 2729) produced acid and gas from lactose, mannitol, xylose, inulin, fructose, raffinose, arabinose, rhamnose, trehalose, and dextrin but not from glucose, sucrose, maltose or salicin.
All these strains, however, were like B. mmeram in their nutritional requirements:(see p. 527). However, one new isolate (CN 2629) from soil gave reactions similar to B. rnuceram or B. circzlkm but produced acid and gas from salicin and glycerol only; with the other sugars only acid was produced; this strain nutritionally was not a rnucerans (see Tables 8 and 4) .
The foregoing results suggest that the fermentation of sugars with the production of gas is not only variable in the maceram group, but strains which are not B. macerum and are more nearly related to B. circulam may produce acid and gas from some sugars.
Some emphasis has been placed on the hydrolysis of casein and gelatin as characterizing B. circzclans. In Table 3 four strains (CN 2628, 2629, 2718 and 2807) are classified as intermediates, since they either did not hydrolyse casein or gelatin, or hydrolysed both casein and gelatin. However, we feel that these strains should be properly classified as B. circukm, and the ability to hydrolyse gelat@ and casein regarded as variable with this species.
We also found a number of strains, otherwise like B. circzllans, which fermented neither arabinose or xylose; they aIso were classified as B. circzclans. Also, as shown in Table 8 , two strains (CN 2755 and 2756) were isolated which did not produce acid from arabinose or xylose. These strains, together with 530 B. C. J . G. Knight and H . Proom those strains (CN 2589 and 2620) which were VP positive and fermented both arabinose and xylose, were classified as B. cirmZam/uZvei intermediates. One strain (CN2482) was isolated which was similar to Be alvei, except that it failed to hydrolyse starch, casein or gelatin; it was nutritionally aberrant also (see Table 8 ).
Nutratiolz. Six strains (five newly isolated) which were intermediates in properties between C~T~Z U T M and alvei were examined. Three (CN 2588, 2589 and 2756) were difficult to grow on defined media and nothing can be said about them. The remaining three strains (CN 1761, 2620 and 2755) grew on casein basal medium+aneurin+biotin. One of them (CN 2755) grew in ammonia+ aneurin + biotin after prolonged subcultivation, probably awing to selection of an amino-acid synthesizer ; the parent culture required hydrolysed casein.
Thus three of these intermediate strains resemble B. circzclans nutritionally, while the other three probably have more complex nutrient requirements and are thus not like alvez' strains. The results are summarized in Table 4 .
It must be emphasized that the mucerum-cir~Zam-aZvei group is outstanding in the genus for the number of aberrant and intermediate strains encountered.
Bacillus brevis
Seven new isolates were studied in detail. Smith d aZ. (1946) considered the following characters as the more important in identifying this species : morphology; production of an alkaline pH in glucose broth after 7 days' incubation; negative VP reaction; production of acid from glucose and sometimes from arabinose and xylose; no hydrolysis of starch; hydrolysis of gelatin and casein. All our strains had these properties (with two minor exceptions), would not grow anaerobically, thus distinguishing them from the circzclans group, and all produced urease. Smith et at?. use the utilization of citrate in their Key in separating B. brmis from B. Zaterosporus, although they mention it is a variable character. We found the utilization of citrate variable in the strains of B. brevis we examined.
Two new isolates from soil (CN 2833 and 2932) were similar to B. brevis except that the pH in glucose broth after 7 days was less than 8.0. Both grew aerobically only, and were therefore considered B. brevis.
Nutrition. Ten strains were examined (nine newly isolated and strain ATCC Bacillus sphaericus and Bacillus sphaericus vur. fusiformis Twelve new isolates which were considered typical B. sphaeris were isolated from soil and studied in detail. Smith et al. (1946) gave the following characters as the more important in identifying this species; the morphology, including bulging of the sporangium by a thick-walled spherical spore; growth on nutrient agar at pH 7.4 and 6-0; growth in 4-0 yo NaCl broth; hydrolysis of gelatin; negative VP reaction; no fermentation of sugars; no reduction of nitrate; no hydrolysis of starch of casein. A11 our twelve new isolates conformed to these characters. considered the following characters as the more important in identifying B. pcl;stezcrii: the morphology, including bulging of the sporangium by a thickwalled spherical spore; inability to grow on nutrient agar; growth on nutrient agar containing 2.0% urea; the formation of urease; reduction of nitrate to nitrite; growth in 4.0 yo NaCl broth (with 1.0 % urea); hydrolysis of gelatin but not of starch; failure to ferment sugars. This description was confirmed with all the twelve new isolates.
With most strains, after 4-7 days in the anaerobic jar, many tiny colonies (diameter c. 0.1 mm. or less) were observed.
Nutrition. The work on the differentiation and classification of organisms of the B. pasteurii group by Gibson included some studies of nutritional requirements (Gibson, 1934a, b; 1935a, b The nutritional requirements of these strains were rather more heterogeneous than in most of the other species we studied (Table 5) . Furthermore, Beijerinck, 1901;  quoted by Gibson, 19343, 1935~) found that B. pastezlrii strains did not grow on ordinary laboratory media, e.g. peptone broth, without added urea, and it became generally accepted that the most important criterion for the recognition of B. pastezCrii strains was inability to grow on 'ordinary' media (presumably a t c. pH 7 ) without added urea. Viehoever (1913), however, doubted the need for urea and grew strains of the organism in media simpler than those, for example, used by Beijerinck. Viehoever described growth in an ammonium carbonate mineral medium with glucose and asparagine added. Gibson (19393, 1935b) showed that the supposed requirement of urea as a nutrient for many strains of B. pastezlrii was not absolute; the urea could be replaced by ammonium ion at alkaline pH.
Six of ten strains required ammonium ion in addition to the amino-acids of the casein hydrolysate and certain essential metabolites. Ammonium chloride,
to give a h a 1 concentration of 1 % (w/v), was added to the basal medium plus essential metabolites, which was adjusted to pH 8-5. Omission of this supplement of 1 % ammonium chloride prevented growth of six of ten strains;
this was repeatedly c o n k e d . We have not compared these two sets of strains for ability to deaminate amino-acids. The existence of a requirement for ammonia, side by side with a requirement for a t least certain preformed aminoacids, and an inability to use ammonia as sole N source, as shown by these six ammonia-requiring sJrains, is striking. The essential metabolites which were found to be involved in the nutrition of these ten strains of B. pastmrii were aneurin, biotin and nicotinic acid. Omission of aneurin from the medium prevented the growth of all ten strains. Omission of biotin prevented the growth of four strains only, the other six strains presumably being able to synthesize this compound. Omission of nicotinic acid prevented the growth only of the six strains which did not require biotin. There was thus a correlation between the biotin and nicotinic acid requirements in that those strains which required biotin did not require nicotinic acid and vice versa. There was no correlation with the requirement for ammonia. Thus these ten strains were either biotin synthesizers or nicotinic acid synthesizers, if the interpretation be accepted that a nutrient requirement for one of the common essential metabolites is due to a defect in the biosynthesis' or that essential metabolite. All strains grew better when the four components were present, namely, ammonium ion, aneurin, biotin and nicotinic acid. Because of the great potency of biotin, clear-cut results with it were never easy to obtain, and usually involved one or more subcultures in biotin-free media, and therefore the possible selection of any biotin-synthesizers in the inocula used. With most species the results were usually unequivocal but with some of the strains of B. pastezllii, e.g. CN 2199, the role of biotin was less easy to determine clearly. Usually the generalization that either biotin or nicotinic acid was required as a nutrient was clearly demonstrable but with a few 534 B. C. J . G. Knight and H . Proom strains, notably CN 2199, it is possible that both biotin and nicotinic acid are required. The nutritional requirements of B. pa~teurii suggest problems which require further study. DISCUSSION We have isolated from soil specimens of as many of the mesophilic species of the genus BaciZZw as possible, and tried to name them from the descriptions of Smith d al. (1946) . Of 296 strains studied 245 clearly belonged to a named species and thirty-two were clearly intermediates between two species ; eight remain unidentified and it is possible that further study will clarify their relationship to a described species. Eleven new isolates are believed to represent a previously undescribed species (cf. Proom & Knight, 1950 (1948) we found that a number of Bacillus species give a reaction with egg-yolk, but one which is restricted to the medium immediately below the growth on egg-yolk agar plates. This restricted reaction helps to distinguish B. szlbtilis from B. pumilus and B. ~i~c z l l a n s from other members of morphological group 2. The survey of nutritional requirements of some 200 strains revealed on the whole a rather unexpected degree of uniformity of nutritional pattern within groups of strains. Also, named cultures and other laboratory strains in general had the same nutritional requirements as newly isolated strains of the same species. That is, the conditions of laboratory cultivation had not led to the selection of nutritional variants. Moreover, specific nutritional patterns appear to be closely related to other specific characters, and to be highly characteristic of species. In some species (e.g. B, mega.therium and B. cereus) all strains, and in other species all but a few strains, had typical nutritional requirements. Exceptional strains were so infrequent that the nutritional pattern could be used as a guide at least in a preliminary allocation of new strains to their species (see Table 6 ). Thus organisms able to use ammonia only (without growth Nutritional szcrvey of genus Bacillus 535 In a few cases, already mentioned in the text, the finding of an apparently anomalous nutritional requirement led to a re-examination of what proved to be incorrectly named strains.
In connexion with the exhibition of typical nutritional patterns by groups of newly isolated strains, we do not think that the new isolates were inadvertently selected for given sets of nutritional requirements during isolation. The differential media and conditions of growth used in isolating the strains were not likely to have been selective in this sense. The media used were all nutritionally rich and complex, and therefore unlikely to have favoured the selection of good synthesizers of essential metabolites.
An interesting point seen in Table 6 is that most of the species with the more complex nutritional requirements are in morphological group 3 of Smith et al. Whereas all species in groups I and 2 so far examined were nutritionally satisfied by ammonia, amino-acids, aneurin and biotin, and often by only one or two of these components, the requirements for the group 3 species were considerably more complex; though B. jirmus and B. Zentus of group 1 and B. Zaterospmus and B. larvae of group 2 are likely to prove nutritionally complex. No group 8 species can utilize ammonia alone, and all require preformed aminoacids and a t least two essential metabolites as growth factors. Furthermore, nicotinic acid was a requirement for more than half of the strains of B. pastezlrii examined. Apart from a single strain of B. coagulans (Cleverdon et al. 1949a) and an aberrant strain of B. brevis, nicotinic acid is not a required nutrient for any mesophilic species of the genus except B. pasteurii. The requirement of nicotinic acid by groups of stenothermophilic strains of Bacillus observed by Cleverdon et aZ. (1949b) has already been mentioned.
What is probably a new species in morphological group 3 of the genus Bacillus (Proom & Knight, 1950) also has equally complex nutrient requirements, eleven new isolates requiring amino-acids, aneurin, biotin and pantothenic acid. At present these strains, which represent this proposed new species, are the only ones in the genus known to require pantothenic acid. ; + + =good growth; + =moderate i n ; -=no reaction ; 0 = usually no ns examined see Table 6 .
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